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ABSTRACT 
!:..~ 30s ribosomal subunits and protein-free 168 RNA have been 
mildly hydrolyzed with pancreatic ribonuclease and the RNA fragments 
analyzed by polyacrylamide gel electrophoresis. The protein-free 
RNA gives nine discrete fragments and the 308 subunits give six 
discrete fragments. A comparison of electrophoretic mobilities, 
indicates that at least three fragments from 168 RNA are distinct from 
the fragments from 308. The kinetics of the hydrolysis reaction is 
pseudo first-order for the protein-free 168 RNA and pseudo second-
order for the 308 ribosomes. The rate of hydrolysis of the protein-
free 168 RNA is much faster than that of the 308 subunit. These data 
suggest that in the protein-free 168 RNA there are certain regions 
exposed to the ribonuclease which are not exposed in the ribosome, 
and that this is due to either some shielding by the specific 
proteins or to a different conformation of the RNA in the ribosome. 
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I. INTRODUCTION 
Ribosomes are cytoplasmic organelles whose function is the 
biosynthesis of proteins. In the case of the bacterium Escherichia 
coli, they are composed of 63 percent ribosomal ribonucleic acid 
-
(rRNA*) and 37 percent of specific ribosomal protein. The physical 
and functional unit, the 708 ribosome, is :!formed from the association 
of a 50s and a 308 subunit. The 508 subunit is, in turn, made up 
of two rRNA components (238 and 58 RNA) plus some 36 specific 
proteins, while the 308 subunit consists of a 168 RNA component and 
some 20 specific proteins. Efforts to elucidate the spatial arrange-
ment of the protein molecules and the conformation (secondary and 
tertiary structures) of the RNA in each subunit have not yet provided 
a model of the ribosome. 
Previous work suggests that protein-free 238 and lpS RNA in 
aqueous solution have a secondary and a tertiary structure, and that 
the secondary structure consists of helical "hairpin-like" regi ons 
where the bases are paired in a Watson-Crick fashion (1) . A fundamental 
question in studying the structure of the ribosome is whether the 
conformation of the protein-free RNA is the same as in t he ribosome. 
This problem has been approached with methods such as cation binding, 
. *Abbreviations. employed here are: rRNA is ribosomal ribonucleic 
~c=~~ 70S is a sedimentation coefficient (S is the svedberg unit, 
O sec.); TMV is Tobacco Mosaic Virus; RNase is a ribonucleolytic 
enzyme; pRNase is RNase A from bovine pancreas . 
X-ray diffraction, hypochromicity effect, optical rotatory dispersion 
(ORD), and enzymatic hydrolysis. 
By applying Beer-Lambert's law to the infrared spectra of the 
2. 
individual nucleotides and paired polynucleotides, it has been indicated 
that yeast rRNA at 30°C contains about 60 percent of its bases partici-
pating in double helical regions (2). 
No detectable difference has been found in the ability to bind 
Ca++ and Mg++ between protein-free RNA and ribosomes from ~ coli 
as measured by equilibrium dialysis (J). The authors have concluded 
that Mg++ binding only occurs at the phosphate groups, and that all of 
these groups are available as binding sites for small cations. This 
conclusion has lead the authors to suggest that the organization of 
the ribosome must be such that the phosphate groups are not directly 
involved in the protein-RNA interaction. 
Powder patterns from X-ray diffraction studies on isolated rRNA 
and ribosomes from rat liver' yeast and ~ coli are similar and have 
been taken as an indication that the conformation of the rRNA may be 
similar in all cases (4 ,5}. 
Protein-free rRNA as well as ribosomes from the various 
sources investigated have been reported to exhibit equally low 
extinction coefficients at 2600 A (property known as hypochromism). 
The fact that the hypochromicities of the isolated rRNA and ribo somes 
change identically as the RNA is being denatured by heat or by 
bydroloysis has been interpreted by the authors as evidence that the 
secondary structure of rRNA does not change significantly after 
removal of the proteins (6, 7 ,8} . 
It has also been reported that RNA in rabbit reticulocyte 
ribosomes give an ORD spectrum similar to that of the rRNA dissociated 
from the ribosomal proteins. This has lead the authors to suggest 
that the conformation of rRNA in the ribosome is similar to that in 
the protein-free state (9,10). 
Pancreatic ribonuclease (pRNase} has been used as a probe to 
investigate the internal organization of ribosomes. It has been 
established that portions of the rRNA are exposed at the surface of 
the ribosome instead of being entirely coated by the protein (11) 
since the 708 ribosome is hydrolyzable by ribonuclease but to a 
lesser extent than the i .solated rRNA. Using gel electrophoresis, it 
3. 
has been shown that specific cleavage is obtained from unfractionated 
yeast protein-free rRNA by the action of T1 and pancreatic ribonucleas.es 
(12). Likewise, rRNA extracted from purified subunits of rabbit 
reticulocyte ribosomes and treated with pRNase has been reported to 
hydrolyze initially into a number of discrete fragments resolvable 
by gel electrophoresis (13}. The authors have suggested that discrete 
fragments are produced because certain sites in the RNA are preferentially 
attacked as a result of a specific folding of the polymer chain into 
a tertiary structure (12 , 13 ) . 
From the data obtained in previous work, it appears that no 
conclusive answer can yet be given to the question of whether the 
conformation of rRNA changes upon removal of the proteins. The error 
of the i.on binding measurements is too large to clearly show that no 
hate bonds are directly involved in protein-RNA interactions. phOSP 
The ~uality of the X-ray diffraction data is not sufficiently high to 
4. 
n distinguish between heated-and-cooled TMV RNA and a ribosome (4), eve 
and therefore the data cannot be used to detect changes in the conforma-
ti.on of the rRNA. The level of hypochromicity is correlated to the 
mole fraction of paired bases in the structure and is not sensitive 
to the positions of the short base paired regions. The ORD curve for 
different conformation states of a given polymer is only a function of 
the average helical content and will not discriminate between two 
different secondary structures with the same percent of helical 
content. Therefore these spectroscopic methods, if used together, 
merely analyze the tota l helical content of rRNA. 
The present work is a comparative study of the pRNase mediated 
hydrolysis of purified 30S subunits and of protein-free 168 RNA from 
E. coli. The factors underlying this enzymatic approach are first, 
the presence of sites of rRNA which are specifically hydrolyzed by 
pRNase, and second, the existence of dissimilar rates of hydrolysis 
depending on individual steric conditions of the substr ate. 
pRNase at l ow concentrations is known to exclu sivel y hydrolyze 
distal to the phosphate group attached to 3' carbon of the pyrimidine 
nucleosides in RNA. These residues are assumed to be distributed 
along the polymer chain as dictated by the primary structure. 
H i .s widely accepted that pRNase principally attacks the 
single regions of RNA. In addition to this selectivity, the access 
of pRNase to s ites in single s tranded regions can be hindered by a 
tertiary structure of the RNA and the specific or associated proteins 
in the ribosome. Therefore the method used here is a probe for single 
stranded regions of rRNA with pyrimidine residues which are not 
shielded by protein or by the conformation of the RNA. 
For these reasons, this technique would allow me to correlate 
changes in the rate constants of individual sites with changes in 
their conformation, as opposed to the techniques that have been used 
to study the changes in conformation by measuring average structural 
properties. 
Experiments have been designed using mild enzymatic hydrolysis 
to answer the following questions: 
1) Does pRNase hydrolyze protein-free 16S RNA and the RNA in 
308 ribosomes into sets of discrete and specific fragments, 
and if so, what are the molecular weights of such fragments? 
2) What is the order of the reaction kinetics for the rRNA 
in either state? 
3} Is i.t possible to give a simple mechanism for the early 
stages of the reactions? 
4) Are there any differences between the fragments or the r ate 
constants for the rRNA in either state? 
51 Is it possible to detect any conformational differences 
for the rRNA in either state in thi.s in vitro system? 
5. 
II. EXPERIMENTAL 
1. Growth of the Bacteria 
E. coli DlO (RNase I-} strain, which were kept and propagated 
--
in slant tubes with nutrient agar, were used to make i noculant seed 
cultures in ster i le 1. 3% trypt one medium conta ining 0.7% NaCl and 0 . 2% 
dextrose. The seed cultures were incubated at 37°C in a gyratory shaker 
to a final density of 400-500 Klett (8-lOx108 cells per milliliter) . 
Large scale exponent ial cultures were obta ined by inoculating 12-liter 
volumes of the same medium with the seed cultures to a density of 30 Klett, 
and then incubating in fermentor at 37°C f or two or three hours until 
cells reached a dens i t y of 200 Klett (2xl08 ce lls /ml) . The carboys were 
then cooled in ice and the cells collected in a Sharples centrifuge. 
2. Preparation of the Ribosomes 
All operations involved in the pr eparation of t he 703 r i bosomes 
and its subunits were carried out at 4°C. Pellets of cells were ground 
with an eq_ual weight of alumina using a mortar and pestle. When 
the mass was smooth and sticky buffer ( 0.01 M Mg (Acet ate )2 , 
0.005 M Tri s -Cl (pH 7 . 4 , 0. 08 M NH4c1 ) was added . The bacterial 
DNA was then hydrolyzed by making the slurry 5 µg/ml in DNa se. 
The resulting s lur r y was centrif uged at 22 ,OOOg (14 ,000 rpm 
in a Sorval prepar ative centrifuge ) for 20 minutes to separate 
alumina and whole cells from homogenate. After two more l ow speed 
centrifugations, the 708 ribosomes were pelleted at 2000 ,OOOg ( 39 ,000 
1·n angle-40 rotor of ultracentrif'uge Model L) for 150 minutes. rpm 
The ribosome pellets were resuspended in 0.001 M Mg(Acetate) 2 , 
o.03 M KCl and 0.005 M Tris-Cl (pH 7.4). 
The 30S subunits were separated from the 508 subunits by 
zonal centrifugation using a sucrose gradient of the form developed 
by Eikenberry (14) , and approximated by means of a constant volume 
exponential gradient (Eikenberry, personal communication). The 
detailed procedure of the approximated exponential gradient adapted 
for the Beckman Ti-14 rotor is as follows. A Mariette flask with 
900 ml of 50% Cw/w) sucrose (Fi sher Scientific Co.) feeds a mixing 
chamber initially containing 295 ml of 7% Cw/w) sucrose, and whos.e 
volume remains constant throughout the loading of the gradient. The 
gradient is set in the rotor at 3 ,000 rpm by pumping into i .t the out-
put of the mixing chamber. When the rotor has been filled , some 
300-500 mg of ribosomes previously placed iri a linear sucrose gradient 
(1 - 7% sucrose in 25 ml volume) are pumped on top of the exponential 
gradient. An additional volume of 240 ml of buffer is pumped on top 
of the sample, 40 ml of which are afterward discarded by pumping a 
7. 
40 ml cushion of the h.eavy sucrose onto the bottom of the gradient. 
After 4 hours of centrifugation at 45,000 rpm the 508 and 308 particles 
reached good separation . The speed was then reset at 3 ,000 rpm, and 
the gradient unloaded by injecting 600 ml of 50% sucrose and collected 
in 10 ml fractions. The absorbance of the fractions was measured at 
3000 A. 
The resulting concentration profile facilitates the pooling of 
the fractions containing 30S and 508 respectively. Subunits thus 
obtained were dialyzed and concentrated in a single operation using 
ultrafiltration in an Amicon cell with a UM-20E membrane. Upon 
several additions of a buffer containing 0.001 M Mg(Acetate} 2 , 
0.005 M Tris-Cl (pH 7. 4), the concentration of K+ was lowered by a 
factor of 500, the sucrose was lowered to less than 0.1% and the 
concentration of the 308 ribosomes was adjusted to an absorbance 
(2600 A) of thirty. Then the solution was aliquoted, frozen in 
liq_uid nitrogen, and stored at -15°C, ready to be used for enzymatic 
hydrolysis. 
3. Preparation of 16S RNA 
A 308 ri.bosome solution of concentration not greater than 
2 mg/ml was deprotenized with phenol at room temperature according 
8. 
to the following procedure. One volume of water-saturated phenol 
(24°C) was shaken for 10 minutes with one volume of the ribosome 
suspensi on, and the aqueous. phase separated after cent rifugation. The 
ioni.c strength of the aqueous phase was then increased with 1/10 
Volume of 20% Na :Acetate and the RNA precipitated at -15°C wi th 3 
volumes of ethanol. After the white precipitate was sedimented at 
22,000g for 20 minutes, the pellet was redissolved in about one 
Volume of 0. 005 M Tris-Cl (pK 7 .4)., and the RNA was again precipitated 
Vi.th ethanol after the addit i on of 20% Na Acetat e _ . The precipitation 
step was done three times . This RNA , free of phenol, was dissolved in 
M tris to an ab-s.orb-ance (2600 A) of 30 and stored at -15°C in 0.005 
small ali q_uot s . 
By extracting unfractionated RNA with phenol as a function of 
the concentra tion of the RNA, it was possible to show that the rati o 
9. 
of l6S to 238 was abnormally low for input concentrations greater than 
1 ,5 mg/ml. Best recoveries of 168 RNA were obtained working at 1 mg/ml 
or less, and using one volume of phenol at room temperat ure. 
4. The Ribonuclease A 
Ribonuclease A (bovine pancreas} from Worthington Co. was 
dissolved in 250 Micro grams per mill Hiter in 0. 005 M Tris-Cl 
(pH 7 .4,doub~e distilled water used}. Stock solutions from 250 to 
25 p.g/ml, made at room temperature in pyrex glass and stored at 4 °C 
in pyrex vials, gave constant activity over a period of months. 
Dilutions of l ow concentrations of enzyme were not stored becau se 
they were found to lose activity in a matter of hours. 
lfydrolysis of 308 ribosomes and 168 RNA was performed at 
enzyme-to-substrate molar ratios of 0. 01 to 0. 001, and at 0°C. The 
ionic conditions chosen, O. 005 M Mg (Acetate} 2 , 0 . 005 M Tris (pH 7. 2) , 
Were those found to give a maximum rate of RNA hydrolysis (15 }. A 
tYPical hydrolysis kinetics point was obtained by mixing in a 6 x 50 
lllID. Kimax culture tube the following volumes: 20 microliters ()} of 
aJ.iq_uoted RNA, lOA of 0.005 M Tris buffer, lOA of 0.025 M Mg (Acetate} 2 
(in Tris buffer), and 10,\ of 0.01 mg/ml of RNase A. At a given time 
10. 
between o and 60 minutes of incubation, the reaction was stopped by 
adding lOA of 2% sodium dodecylsulfate (SDS;Matheson, Coleman & Bell Co.) 
and the tube stood at room temperature afterward. The density of the 
reacted sample was increased with a few grains of sucrose. 
zero-time controls with and wi.thout RNase showed that hydrolysis 
did not continue in the presence of 0.4% SDS even at r oom temperature 
for several hours. To test whether the adsorption of RNase to the glass 
was significant, controls were also run in polyethylene tubes, and t he 
results showed no significant difference in activity. 
6. The Polyacrylamide Gels 
Acrylamide, N ,N'-methylene bisacrylamide, and N ,N ,N' ,N' -
tetramethylethylenediamine (T.M.E.D.) were purchased fr om Eastman 
Chemicals. The gels were polymerized and kept in E buf fer (0. 001 M EDTA, 
0.02 M Na(_Acetate}, 0.04 M Tris-Cl pH 7.2). 
I found that the method of Bishop (16) for the preparation of 
polyacrylamide gels for the analysis of RNA can be modified for the 
sake of simplicity. His method calls for the recrystallization of the 
acryla.mide and the N ,N' -methylenebi sacrylamide , and for pre soaking the 
gels for several days. Gels of recry stallized materials were made and 
presoaked for about ten days . Gels of un-recrystallized materials 
were also made and allowed t o pre.soak for 8 and 24 hours . Then the 
three kinds of gels were scanned versus distance along gel i .n the 
ultraviolet between 2600-2900A , before and after passing a 5-mAmp 
CUrrent t hrough them in the electrophoresis buffer (prerun). No 
. ·ficant difference was found in the back.ground level of all gels 
s1gn1 . 
after 20 minutes of prerun. All of the scans had a smooth, low and 
11. 
flat background, except for the gels with long presoaki ng which probably 
exhib-ited some light scattering from dust. 
For a typical batch of 48 gels of 4.4% acrylamide, the polymeriza-
tion reaction was started in a 250 ml flask in the following manner: 
42.5 ml of 15% (w/v) acrylamide, 30 ml of 0. 725% (w/v) of bisacrylami de, 
7 .3 ml of 20xE buf f er, and 64 ml of H20 were first mixed and degassed 
for 30 seconds. Then 60,\ of T.M.E.D. s olution was added followed by 
the addition of 1.2 ml of freshly made 1 0% (w/v) aqueous solution of 
ammonium persulfat e . Dnmediately aft er , 3 ml a liqu ot s were pl a ced i n 
vertical plexiglass tubes of 1 / 4" internal diameter. The solution: was 
polymerized f or 30 minutes, and the gels were then extruded and s oaked 
in E buffer for a minimum of e ight h ours. 
7. Electrophoresis of the RNA 
The gels to be used i n an electrophoretic run were cut t o 1 0 . 5 
cm in lengt h , l eaving t he ends f l at and strai ght . Before l oadi ng the 
sample , a 5 mAmp/ gel cu r r ent was passed throu gh the gel for 30 minutes 
(pre-run) in E-SDS (0. 2% SDS ) buffer. The t otal rea ct ed v olume (littl e 
over 60 ) was loaded ont o a gel, a nd t hen el ectrophoresed with a 
current of 5 mAmp/ gel for 3 or 3 . 5 hours using a Canal co d i sc -
electrophore sis instrument. 
8 . Reading the Gel s 
The gel s were scanned for absorbance at 2600 A in a DU-Gilford 
spectrophotomet er wi t h mechanical gel scanner a nd r ecor der . Qu antitative 
· of the products of the reaction was done by both cutting the 
ana.lysi.s 
12. 
tracing of the recorder and weighing the areas, and by direct measure-
ment of the heights of the bands. To supplement the results from the 
UV-scan, gels in 0. 2% SDS were first washed in distilled water in a 
test tube for 24 hours (with one change of water) and then stained with 
one-tenth volume of 0. 2% methylene blue in 0. 4 M acetate buffer 
(plf 4. 7}. The staining could be stopped anywhere between 4 and 8 hours 
~y placi,ng th.e gel in a test tube wi th distilled water, with no need 
of further washing. 
III. RESULTS 
Protein-free 16S rRNA was mildly hydrolyzed with 0.02 µg /ml of 
pRNase, and the products of the reaction were analyzed in a poly-
acrylamide gel to give the pattern shown in figure 1. Nine product 
bands even at the earliest kinetic points were observable by either 
staining the gel with methylene blue or by scanning the gel at 2600 A. 
These nine bands correspond to nine discrete RNA fragments whose 
molecular weights have been calculated from their individual mobil-
ities (_16} and reported in table 1. 
In order to follow a brief history of the bands of figure 1, I 
have arbitrarily divided the course of mild hydrolysis into two 
stages according to the remaining amount of input RNA namely, when 
intact 16S RNA remaining is 25% or more, and when it is less than 
25%. Toward the middle of the first stage most of the new bands were 
observed to attain maximum neight and best resolution. In the 
second stage, band 16A lost considerable height, the general background 
was raised, and the other bands lost their original shape . Bands 
16A and 16G remained particularly prominent until the onset of the 
second stage (figure lb, le). 
30S ri.bosomal subunits , i.n i .oni.c conditions ident ical to those 
used for the protein-free rRNA, were midly hydrolyzed with 0.4· µ g/ml of 
PRNase. The products of the reaction were deproteinized with SDS, 
and then analyzed in a polyacrylamide gel to give the pattern shown in 
figure 2 . Six small bands were observable by either staining the gel 
l(ith methylene blue or br scanning the gel at 2600A. Bands 30A and 
30B appeared almost fused into one broad and flat band, but were well 
resolved bands in the stained gels. Notice the 30C and 30D are the 
highest bands among the products. The molecular weights of the RNA 
rra.gments range between 0. 5 and 0. 02 times that of the 168, and their 
values are given in table 2. 
14. 
By comparing the gel patterns of the RNA fragments from protein-
free rRNA and 30S subunits, two maj or observations were made. 
a) Upon reaction with the ribonuclease, the protein-free RNA generated 
more fragments than the RNA in the ribosome. b) The bands that 
exhibited greater absorbance did not correspond to the larger molecular 
weight, but rather to some intermediate molecular weight fragments. 
Th.e kinetic study of the hydrolysis of RNA was done by measuring 
the height of the 168 band of the gel pattern as a function of time 
since the height of the band is directly proportional to the concentra-
ti on of unhydrolyzed 16S RNA. In order to learn the order of the 
kinetics of the reactions, the data from both protein-free 168 RNA 
and 308 ribosomes were treated as a zeroth-order , first-order, and 
second-order reaction with respect to the substrate. The rate of 
decomposition of a reactant that follows zeroth-order kinetics obeys 
the rate eq_uation dC/dt = -k , whose integrated form, 
0 
=kt 
0 
Eq_uation 1 . 
represents a straight line of slope k 0 • In turn, the rate of de-
composition of a reactant that follows first-order kinetics obeys the 
rate eq_uation dC/dt = -k1 C, whose integrated form , 
15. 
Equation 2 
thus plotting ln C0 /Ct versus t gives a straight line of slope k1 . 
If the decomposition of a reactant follows second-order kinetics, t hen 
the rate equation is dC/dt = k2C2 , whose integrated f or m, 
Equ at i on 3 
thus plotting c~l - ~o 1 versus t gives a straight line of slope k2 . 
Pseudo first-order and pseudo second-order rate constant s (k{, k2) 
which are proportional t o the enzyme concentration, are c ommonly u s ed 
for enzyme-catalyzed reactions. 
The kinetic data for the hydrolysis of protein-free 16S RNA 
best fit equa t ion 2 for t he f irs t stage of the react ion (figure 3b ) . 
For an enzyme concentration close t o 0.01 µ g /ml, the pseudo first-order 
rate constant Ck{} was estimated from the slope of figure 3b to be 
equal to 2 . 6 x io-2 min- 1 , and the cor responding half -life for t h e 
protein-free 16S RNA was approximately 25 mi nutes . When the same 
set of data was treated according to the zeroth-order and second-or der 
rate eq_uations , curved lines were observed t o fit the points (figure 3a). 
It was ob served that the order of t he reaction cou ld change if the 
extent of hydrolysis pa ssed the first stage. 
The kinetic s f or the hydrolysis of 30S ribosomes with 0 . 4 and 
0.8 µg /ml pRNase was found to f i t a strai ght line according to 
equat ion 3 ( figure 4c ) . Starting with a n inpu t of 0. 5 mg/ml of the 
substrate , the pseudo second-order rate consta nts were 8 . 6 x 10-2 
and 17. 2 x io-2 ml /mg ·min, and the half- life times were 24 and 12 
m· inutes for 0.4 and 0 . 8 µ g / ml of pRNase respect ively. Attempts to 
fit these data to equations 1 and 2 for zeroth-order and first-order 
kinetics respectively, gave the curves shown in figures 4a, b. 
16. 
When 308 ribosomes and 168 RNA were treated at RNase concentra-
tions which largely hydrolyzed 168 RNA, little or no hydrolysis of the 
30s ribosomes was observed (figure 3b). It was therefore necessary 
to employ for the ribosomes RNase in concentrations 20 to 40 times 
that needed for the protein-free RNA. 
IV. DISCUSSION 
The observation that mild hydrolysis of protein-free 16S 
rRNA results in a number of discrete fragments suggests the RNA has 
a tertiary structure. The appearance of discrete fragments of rRNA 
upon mild hydrolysis has been already reported for yeast rRNA and 
unfractionated ~ coli rRNA (12) , rabbit reticulocyte 19S rRNA (13) , 
and for 23S rRNA from ~ coli (17). Evidence is given that a tertiary 
structure assumed by the RNA is selectively exposing the few sites that 
are primarily hydrolyzed while there exist many other sites which 
remain temporarily "guarded" by the tertiary structure of the RNA. 
The seven larger fragments (16A - 16G), produced during the first stage 
of mild hydrolysis of the protein-free RNA, are eq_ually hydrolyzable 
into smaller fragments during the second stage of the reaction (figure ld). 
It has been reported (13). that during the course of mild hydrolysis of 
rRNA, the fragment pattern changes as the large fragments are hydrolyzed 
into smaller fragments which~ in turn, originate new bands. Furthermore, 
small fragments can be produced by the action of pRNase (about 2S) of 
rRNA which are known to contain both helical and single stranded regi ons 
(19). Therefore, the presence of many hidden sites strongly suggests 
that there is a tertiary structure in the protein-free 16S RNA determining, 
over the dictates of the primary and secondary structures , which s ites 
are most likely to be hydrolyzed. 
By examination of the molecular weights in table 1, it is possible 
to suggest a mechanism for the hydrolysis of protein-free 16S rRNA. 
It is likely that fragment 1 6A (M. W. 440 ,000) proceeds from the 16S 
18. 
by a one-break react ion s.ince that 16A has a very high molecular weight, 
and the enzyme-to-substrate molar ratio in this hydrolysis is very low 
(about 1/1000). Making also the consideration that the absorbance of 
RNA fragments of molecular weight less than 100 ,000 is quite low, it 
is then reasonable to expect from the reaction an RNA component with 
a molecular weight in the neighborhood of 110 ,000. Fragment 16G 
(M.W. 130,000} fits best the desired condition and, with its molecular 
weight reassigned a s 110 ,000, it could be used as a marker together with 
i6s to correct the weights; of the intermediate fragments. Taking the 
corrected molecular weights of table 1, I propose that the hydrolysis 
in question could be ini t tated by, at lea s.t, two simple parallel 
reactions 
16S one break 16S + 16G 
a) 550 ~ 440 110 
b} 16S one break 16B + 16C 
550 300 250 
The RNA fragments. shown in figure 2 suggest that the 308 sub-
unit has a definite conformation. Two· features of figure 2 deserve to 
be discussed. a) The fact that bands 30C and 30D are the highest 
bands could be due to a major accumul ation of these fragments or t o a 
high content of s.ingle stranded regions in the fragments. b) All of 
these are small b a nds which are observed t o appear simultaneously even 
at th.e earliest kinetic points thus ruling out the accumul ation of 
some intermediates. 
For making a comparison between the fragment patterns of 
figures l and 2 , i .t s.hould be considered that the conformation of the 
rRNA in the ribosome det ermined by the interactions present betwee n the 
rRNA and the ribosomal protei_ns. It is apparent from figures 1 and 2 
that there are fewer sites available in the ribosome. Bands 16A, 
i6B and 16C, of figure 1, are clearly not present in figure 2. A 
19. 
narrow site on the RNA might be strategically exposed after the removal 
of the proteins so that fragments· 1 6A and 16G could be produced. It is 
possible that if three out of the nine fragments in figure 1 do not 
coincide with any of those in figure 2 at least 3 and perhaps 6, or 
even all 9 , of them are characteristic of the protein-free rRNA. 
Since no two RNA fragments from the hydrolysis of the subunit 
add up to 550 , 000 daltons, it is concluded that no single-break reaction 
could be detected in the present conditions. At the high enzyme 
concentration used for the ribos.omes, multiple-break reactions are more 
probable and they tend to obscure the mechanism of the total reaction . 
However, since the sum of the corrected molecular weights (table 2} 
of fragments 30A through 30F eg_uals 583 ,000 daltons, it is possible to 
suggest at least one mechanism for the totai reaction. The mechanism 
would reg_uire the existence of n neighboring sites which originate 
n equally probable reactions on the ribosome. A model of the 308 
ribosome that makes the mechanism feasible could be one having a large 
surface protected by protein, and a "cavity" by which the enzyme could 
reach unprotected reg ions of the RNA . This interpretation would i mply 
that the reaction for the entire s e t of sites would occur by random 
collisions while n -1 of the sites would not react independently, 
as if the enzyme remained "trapped" i _n a cavity after the first reaction . 
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The hydrolysis of protein-free 168 RNA follows first-order 
kinetics and the hydrolys:is of 30S ribosomes is found to fit a second-
order rate equation when the half-lives of both substrates are comparable. 
Th.ere is not a clear cut differentiation between the first, second 
and zeroth-order plots for the rate data for 168. This i s still 
unexplained although the complexity of the reaction and the particular 
degree of saturation of the enzyme may determine this behavior. The 
several sites open to hydrolysis in the protein-free RNA may originate 
parallel reactions of diverse order which, on the average, follow first 
order kinetics. The order of the kinetics for 168 RNA may be a function 
of the extent of the reaction. On the other hand, the hydrolysis of 
30S ribosomes was not done at s.aturation of the enzyme (figures 4a, b) , 
and the order of the kinetics did not change with the extent of the 
reaction. It should be ment ioned here that hydrolysis of 508 subunits 
and 238 RNA, under c onditions identical to those for the 168 RNA, were 
found to follow first-order kinetics (17). 
The hydrolysis rate of the protein-free 168 rRNA is substanti.ally 
greater than that of the 308 ribosomes. In order to make the ha lf-lives 
about 25 minutes, the subunits required a 40-fold increase of the ribo-
nuclease. This striking difference between the 308 subunit and 168 
RNA contrasts with the f act that the 508 subunit has a f irst-order rate 
constant equal to twice that of the 238 RNA (17) . 
The RNA in the 308 ribosomal subunit is mostly protected from 
the action of the ribonuclease. The significantly smal ler hydrolysis 
rate of the ribosomes could be partly a result of shiel ding by the 
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· and by an increase i .n the energy of activation of the reaction proteins, 
caused by a change in conformation due to the protein-RNA interactions. 
It is not clear yet whether the conformation of 168 rRNA in the 
protein-free state is different from that i.n the ribosomal state, 
however, data presented here indicate that they are not necessarily 
the same. Two facts are underlying this statement. 1} at least, 
fragments 16A, 16B, and 16C do not appear in the hydrolysis of the 
subunits indicating that there exi.st regions open to hydrolysis in the 
protein-free state which are not available i n the ribosomal state. 
2) The hydrolysis rate of the 308 subunit is low enough to suspect 
that the RNA may undergo conformational change upon removal of the 
proteins. 
Figure 1 
Mild hydrolysis of 16S rRNA 
a. Input RNA in a 4.4% polyacryla.mide gel. 
undigested protein-free 16S rRNA to which SDS was added before 
the pRNase. 
b. Fragment pattern corresponding to the middle 
of mild hydrolysis of protein-free 16S rRNA. 
carried out with 0.02 µg/ml of pRNase. 
c. Fragment pattern in the second stage of mild hydrolysis of 
protein-free 16S rRNA. Note the differences 
compared to that in figure lb. 
d. Fragment pattern following the second stage of mild 
- protein-free 16S rRNA. The larger molecular weight fragments 
further disappear by slower reactions suggesting the presence 
of more hydrolyzable sites. 
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TABLE 1 
168 RNA 
Band 238 168 A B c D E F G H I 
mm 12 66 77 95 101 ll4 122 1 33 148 192 251 
M.W.xlO -3 1,100 550 450 325 288 225 195 160 120 51 18 
corrected 
M.W.xl o-3 440 300 250 210 160 150 110 
Estimated molecular weights for the nine fragments resulting from 
protein- free 168 rRNA as separated in a 4.4% polyacrylamide gel . 
Calculat i ons were made using 238 and 168 as mar kers accor di ng to 
the method of Bi shop et al : (16) The corrected val ues were 
obtai ned using 168 and 16G as markers . The molecular weight of 
16G was estimated 110,000 accor ding to argument in the results 
sect ion . 
Figure 2 
Fragment pattern from the hydrolysis of 30S 
ribosomal subunits as analyzed in a 4% poly-
acrylarnide gel. The product bands display 
maximum height attained during mild hydrolysis. 
The reaction was carried out with 0.4-0.8 
µg/ml of RNase. The RNA from input ribosomes 
gave a single band undistinguishable from that 
in figure la. 
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TABLE 2 
Band 23S' 16S A B c D E F 
mm 10 60 101 114 132 180 209 240 
M.W.xl o-3 1,100 550 242 190 130 50 28 15 
corrected 
M.w.x10-3 220 170 120 40 22 11 
Estimated molecular weights for the six fragments resulting 
from the 308 subunit as separated in a 4% polyacrylamide gel. 
Upper set of values were .obtained using 238 and 168 as 
markers according to the method of Bishop et · al. (16) Corrected 
values were estimated using 168 and 30C as markers assuming 
that 130,000 is about 5% too high a molecular weight for 30C . 
26. 
10 20 30 40 min 
Figure 3a 
Treatment of kinetic data for protein-free 16S RNA 
according to the zeroth-order Co} , first-order ( ·) , and 
second-order (x} rate equations,. Note that lower points 
acquire upward trend with zeroth-order treatment and 
downward trend with second-order treatment. Trends are 
opposite for upper points. 
. 1 
0 
10 20 30 40 min 
Figure 3b 
Parallel hydrolysis of 16S RNA and 30S ribo somes 
at about 0.01 µ. g/ml RNase. No appreciable hydrolysis of 
the ribosomes was ob-served unless the enzyme concentration 
was rais.ed 20 times or more . The ionic conditions are these 
27 . 
given in the experimental section. ( o )prote in-free RNA; (~} 30S ribosomes . 
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IC 
-2 x.-
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10 20 30 40 50 min 
Figure 4a 
Zeroth-order kinetic plot of hydrolysis of 308 ribosomal 
subuni.ts under ionic conditions identical to those used for 
the protein-free rRNA. (x) , o ;_s~ Co} o.4 µg/ml pRNase. 
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Figure 4b 
First-order kinetic plot of the hydrolysis of 308 ribosomal 
subunits with pRNase under ionic condit ions i dentical to those 
used for the pr otein-free rRNA. (x} 0.8, (o) 0.4 µ. g/ml pRNase. 
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Figure 4c 
Second-or der kinet:):.,c plot of the hydrolysis of 30S ribosomal 
subunits w:J:..th. pRNase under ionic conditions identical to 
those used for the protein-free rRNA. (x) 0. 8, Co) 0. 4 pg/ml 
pRNase. 
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APPENDIX 
It is well known that monovalent cations, in cooperation with 
divalent cations, are important in the association and function of 
ribosomes (1, p. 311 . T thought it interesting to ask whether there 
are any changes in the fragment pattern of the mild hydrolysis for the 
308 ribosomal subunit as a function of the potassium ion concentration. 
~ coli DlO 30S rioosomes, obtained and concentrated as described 
in section II of this work, were digested in 0.005 M KCl, 0.005 M 
Mg(Acetate) 2 and 0.005 M Tris-Cl (pH;:: 7 .4), using 0.1 - 0.4 µ.g/ml of 
pRNase. The electrophoreti.c analysis of the RNA products showed a 
prominent band ( 30 ' ) which reached maximum height toward the end of 
the first stage of hydrolysis (figure 1 of appendix} . 
The products from 308 subunits hydrolyzed in 0.06 M KCl, 
0.001 M Mg(Acetate) 2 and 0.005 M Tris-Cl (pH;:: 7 .4) were analyzed in 
a 3. 75% polyacrylamide gel after stopping the reaction with redistilled 
phenol and 0.1% SDS. The 2600 A - absorbance pattern is shown in 
figure 2 of this appendix. Outstanding features of this pattern are 
a ) the evident accumulation of a least three different fragments, and 
b) the appearance of band 30A' which is absent from the other ribosomal 
fragment patterns. 
It has been shown in section TU of the thesis that mild hydrolysis 
of 30S ribosomes in the absence of of K+ yields fragments which do not 
accumulate. The preliminary data presented in this appendix argue t hat 
significant changes are introduced in the fragment pattern of the 
30S subunit by varying the concentration of KCl . An innnediate conclusion 
is that perhaps the ribos.ome undergoes conformational transition s , 
+ 
and even expos.es different sites to the RNase, at the measure that K 
is being added or subtracted. It has been suggested that a particular 
concentration of monovalent cations, such as K+ and NH+ 4 may be responsible 
for the conformation adopted by the 50S subunit (18 ). A possible 
explanation of this phenomenon could be found in the ability of monovalent 
cations to exchange with the divalent cations that cross-link the RNA 
chain. 
Appendix: 
Figure 1 
Fragment pattern of 308 ribosomal subunits digested in 
0. 005 Molar KCl. Deproteinization carried out with. 
0.2% 8DS and RNA fragments analyzed in a 3% polyacrylamide 
gel. Input ribosomes gave a single band in the position 
of the 168 RNA. 
Appendix 
Figure 2 
Fragment pattern of 308 subunits digested in 0 . 06 M KCl. 
The RNA was recovered by the phenol method , and products 
analyszed in a 3. 75% polyacrylamide gel. Input ribosomes 
gave a single band in the position of the 168 RNA. 
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